Synthesis of the putative red clover necrotic mosaic virus RNA polymerase by ribosomal frameshifting in vitro.
The red clover necrotic mosaic virus (RCNMV) genome is split between two single-stranded RNA species termed RNA-1 and RNA-2. RNA-1 directs the synthesis of 88-kDa (p88), 57-kDa (p57), 37-kDa (p37), and 27-kDa (p27) polypeptides and RNA-2 a 35-kDa (p35) polypeptide in vitro. The coding order of the RNA-1 products was determined to be 5'-p27-p57-p37-3'. Antibodies to synthetic peptides representing the carboxyl terminal portions of p27 and p57 immunoprecipitated their respective polypeptides in addition to p88, suggesting that p88 is a fusion protein. A frameshift heptanucleotide sequence element has been identified in RCNMV RNA-1. In addition, a stable stem-loop secondary structure adjacent to the heptanucleotide sequence is predicted. Together, these sequence elements suggest that a ribosomal frameshifting event occurs which allows translational readthrough of the p27 open reading frame into the p57 open reading frame, generating the observed p88 product. An RNA-1 expression construct fusing the p57 and the CP open reading frame was engineered to investigate the ribosomal frameshifting event. CP antibodies immunoprecipitated a fusion protein of the predicted size containing the carboxyl portion of CP. Site-directed mutagenesis of the frameshift element indicates that in vitro, p88 can also be expressed alternatively by suppression of an amber termination codon. Based on these data, we propose that the putative RCNMV RNA polymerase is an 88-kDa polypeptide expressed by a ribosomal frameshifting mechanism similar to those utilized by retroviruses.